Background and Goal: LDL is one of the important risk factors that cause cardiovascular diseases. Improving one's lifestyle accompanied by taking medicine can be effective in reducing the amount of LDL. This study aims at comparing the effects of Atorvastatin on reducing LDL using systematic review method and meta-analysis.
Introduction
Among the cardiovascular diseases, Coronary Artery Disease (CAD) is the major cause of death or disability. Medicinal methods, interventional procedures and surgery are used to treat CAD (Di Angelantonio, 2010; Genser, 2008) . One of the methods used in recent years to reduce myocardial necrosis while carrying out PCI, has been the use of Statin medicines especially Atorvastatin and Rosuvastatin (Higgins, 2011; Begg & Mazumdar, 1994) . Some trial studies showed that using Atorvastatin reduces the rate of myocardial infarction, MI around non-emergency PCI operations (Egger et al., 1997; Anagnostis et al., 2011) . In addition, a few studies showed that using a high dose of Atorvastatin such as a single 80 mg dose or Rosuvastatin such as a single 40 mg dose one day before PCI would reduce the rate of infarction around PCI (Ferdinand et al., 2006; Milionis et al., 2006) .
Other studies showed that the rate of LDL is related to the risk of myocardial infarction atherosclerosis and if we can reduce the amount of LDL, we would be able to decrease the risk posed by those diseases. Healthy diet, doing exercise and mild physical activities are some of the ways that can prevent LDL increase Stalenhoef, 2005) . Studies indicate that Atorvastatin and Rosuvastatin reduce LDL but there are not any meta-analytical studies that can tell us exactly what dose of Atorvastatin or Rosuvastatin would reduce how many milligrams of the initial LDL and what dose of the medicines (Atorvastatin 40 mg or 80 mg, Rosuvastatin 40 mg or 20 mg) would reduce what amount of body fat. Since numerous studies have been conducted about the effects of Atorvastatin and Rosuvastatin on LDL reduction and in order to validate the results of those studies, it seems necessary to carry out a meta-analysis so that precise and valid doses are provided for planners and researchers in this field. The aim of this study is to determine and compare the amounts of LDL reduction caused by Atorvastatin and specify those amounts according to geographical region, patients' age, year of study, sex and risk factors through meta-analysis.
Materials and Methods
This study is a systematic review which adopts a meta-analysis method. The data for this study are extracted from articles published in PubMed, Scopus, Elsevier and Google Scholar. Valid key words such as "meta-analysis", "Rosuvastatin", "Atorvastatin" and "reduction of LDL" and their possible combinations were searched using AND and OR operators.
Selection of Studies and Data Mining
First, the researchers collected all articles related to the effect of Atorvastatin on LDL reduction and after that prepared a list of article abstracts. So, all papers in whose titles the phrases "effect of Atorvastatin and LDL reduction" appeared were put on the list and other studies which discussed Atherosclerosis treatment through surgery and risk factors that increase LDL were set aside. In the next step, a checklist of the essential data for the study (researcher's name, article title, year, place, number of subjects in the sample, number of male subjects, number of female subjects, effects of Atorvastatin on LDL reduction among men (before treatment and after treatment), effects of Atorvastatin on LDL reduction among women (before treatment and after treatment), amount of LDL reduction based on time, amount of LDL reduction based on sample size, place of conducting the study shown by a code, age group, LDL risk factors and their subcategories which had been initially assessed were used for final evaluation. Finally, the researchers examined the eventual checklist and the articles related to the study entered the meta-analysis phase. In the primary search, 60 papers were made accessible using standard key words and 30 of them which had relevant topics were put on the list of article abstracts. Eventually, the articles were qualitatively assessed using a checklist of parameters including sample size, time of conducting research, effect of Atorvastatin on LDL reduction (before and after treatment), in male and female subjects. Papers which studied the rate of LDL reduction (before and after treatment), due to Atorvastatin use went through final confirmation. In the end, nine appropriate articles entered the process of meta-analysis. The whole texts of the articles were reviewed during analysis.
Statistical Analyses
Since the effect of Atorvastatin on the rate of LDL (before treatment and after treatment) and sample size had been extracted from each article, binomial distribution was used to calculate the variance of each study. To blend different rates of LDL reduction, weighted average was used. A weight was given to each study proportionate to its inverse variance. Due to great differences in LDL reductions in different studies (i.e. heterogeneity of the studies) and significance of the heterogeneity index (I 2 ), random effects model was used in the meta-analysis. The rate of heterogeneity in this study was 98.141% which puts it in the category of studies with severe heterogeneity (Low heterogeneity is when I 2 index is smaller than 25%, it is medium when the index is between 25% and 75% and high when the index is above 75%).
Meta-regression analysis was used to compare the effects of Atorvastatin on LDL reduction taking into account the year in which the study was conducted and investigating the reason for which the results became heterogeneous. The effects of Atorvastatin on LDL reduction among male and female subjects (before treatment and after that) were studied considering LDL reduction based on time, sample size, age group and year of the study through the analysis of subcategories. Data were analyzed using STATA software (version 11.1).
Findings
In a systematic review of 60 articles, abstracts of 30 papers were selected after investigating the topics and different aspects to be studied were extracted from the abstract and put on the checklists. After the final analysis, 11 papers were checked and passed through the checklist and the researcher gained access to the full texts of the articles ( Figure 1 : the study's flowchart).
The eventual investigations were completed between 2003 and 2014. The total sample size was 3662 people with a mean of 333 individuals in each study. Globally, six studies were conducted in Asia (54.54%) in the countries of South Korea, Japan and China, three studies (27.27%) were carried out in Europe in the countries of Finland, Greece and Italy, one study was performed in America (9.09%) and one study was conducted in Africa (9.09%).
Sampling method in all these studies was in the form of listing the researches that met the criteria of entrance. These criteria included reporting the rate of LDL (Milligrams in Deciliter) before and after therapy and estimating the effects of Atorvastatin on LDL reduction. The least amount of LDL reduction by Atorvastatin was reported in Keith (2006) in Africa which was 31.8 milligrams per deciliter and the highest amount was reported in Anagnostis (2011) in Greecewhich showed 82 milligrams per deciliter reduction in LDL. The information about the articles investigating the effect of Atorvastatin on the rate of LDL reduction is shown in Table 1 .
Due to heterogeneity of the studies (I 2 index = 98.48%), confidence intervals for each study and for all studies based on the random effects model are shown in graph 1 A) Forest plot for the effect of Atorvastatin on LDL reduction before treatment .
Graph 2 A) is the forest plot for the effect of Atorouvastatin on LDL reduction before treatment. The initial LDL reduction rate using Atorvastatin was 42.098 milligrams per deciliter with the significance level of P= 0.000 and I 2 index was 98.141%. LDL reduction rate was 33.23 milligrams per deciliter with the significance level of P=0.000 and I 2 index of 98.489%. High I 2 index shows that the results of the studies are drastically different from one another and low I 2 indicates that the results are significantly similar.
Meta-regression graph of the studies based on age, shows that in the studies where the sample's age were young, the rate of LDL was high and in the studies where the sample's age was older, LDL had a lower amount (graph 3).
Meta-regression graph of the studies based on BMI shows that individuals who had higher BMIs, their LDL was reduced more and people who had smaller BMIs, showed less LDL reduction. It means that the higher the weight, the more LDL would be reduced through Atorvastatin consumption (graph 4).
Publication bias obtained through the results is shown in graph 5 and indicates that in this type of studies, bias has not had any effect. It is shown in the form of symmetry in a funnel-shaped graph. The sizes of circles show the weights of the studies (Greater circles have more subjects in their samples and the smaller circles have less subjects). 
Forest plot for the effect of Atorvastatin on LDL reduction before treatment with the confidence interval of 95%
Graph 1. Effect of Atorvastatin on LDL reduction before treatment with the confidence interval of 95% generally and separately for all studies according to random effects model, segments show the confidence interval for amount of LDL reduction in each study. The middle point in each segment is an estimation of the amount of LDL reduction in each study. The diamond shows the confidence interval for the amount of LDL reduction for all the studies Forest plot for the effect of Atrovastatin on LDL reduction after treatment with the confidence interval of 95% Graph 2. The amount of Atrovastatin effect on LDL reduction after treatment with the confidence interval of 95% generally and separately for all studies based on the random effects model, segments show the confidence interval for amount of LDL reduction in each study. The middle point in each segment is an estimation of the amount of LDL reduction in each study. The diamond shows the confidence interval for the amount of LDL reduction for all the studies Graph 3. Meta-regression of the studies according to age:
This figure shows the relationship between age and the amount of LDL through Atorvastatin treatment. In the studies where the subjects are younger, the amount of LDL is higher and in those where the subjects are older, the amount of LDL is lower. Vol. 9, No. 5; 2017 Publication bias obtained through the results is shown in figure 5 and indicates that in this type of studies, bias has not had any effect and it is shown in the form of symmetry in a funnel-shaped graph. The sizes of the circles show the weights of the studies (greater circles have a higher number of samples and smaller ones have a lower number of samples).
Discussion
11 studies were conducted between 2003 and 2014. The total sample size was 3662 subjects with an average of 333 individuals in each study. The distribution of the studies in the world shows that six studies (54.54%) were conducted in the Asian continent in the countries of South Korea, Japan and China, three studies (27.27%) were performed in the European continent in the countries of Finland, Greece and Italy, one study (9.09%) was carried out in the American continent and one (9.09%) was conducted in the African continent.
According to the results of the study, the initial LDL reduction through Atorvastatin was 42.098 milligrams per Deciliter and the amount of LDL reduction after treatment by Atorvastatin was 33.23 milligrams per deciliter (Stalenhoef et al, 2005; Stein et al., 2003; Ferdinand et al., 2006; Hong et al., 2011; Saku et al., 2011; Qu et al., 2009; .
The results of this study showed that the relationship between age and LDL reduction through Atorvastatin is significant. In studies where the ages of the people participating in the study was younger, the rate of LDL was high and in the studies where the ages of the people in the sample was older, the rate of LDL was lower. It can be said that LDL decreases more and faster in older people than younger ones and it can be controlled better. These results are consistent with the results of other studies (Park et al., 2010 , Toyama et al., 2012 , Liu et al., 2014 and Anagnostis et al., 2014 .
According to the results of the study, the relationships between BMI and LDL reduction through Atorvastatin are significant. Thus, in subjects with higher BMI, LDL reduction is more and in subjects with lower BMI, LDL reduction is less. It can be concluded that Atorvastatin can reduce LDL faster in fat people compared to thin individuals. Other studies show similar results (Stalenhoef et al., 2005 , Hong et al., 2011 and Park et al., 2010 .
The results also show that the lowest amount of LDL reduction using Atorvastatin is 31.8 milligrams per deciliter (Ferdinand et al., 2006) and the highest rate of reduction by Atorvastatin is 82 milligrams per deciliter (Anagnostis et al., 2014) . The average reduction by Atorvastatin is 33.33 milligrams per deciliter and this rate is consistent with the result of Keith's study and inconsistent with that of Anagnostis. Different statistical populations and different times at which the studies were conducted can be the reasons for this inconsistency.
Differences in the statistical population can be effective but differences in lifestyle or simultaneity of using different ways such as dieting and doing exercise might be the reason for such differences.
Limitations of the Study
The following can be some of the limitations of this study:
Most of the subjects in the sample were not selected randomly and this resulted in the selection of a sample of patients who were not representative of a population of patients with high blood fat. The variables studied were very few and limited so that in some studies different daily, weekly and monthly periods of treatment were reported but the precise amounts of LDL were not mentioned. In some studies, only other medicines were reported but the exact amounts before and after treatment were not reported. In some studies, comparisons regarding the subjects' sex or age were not carried out and data were provided generally. The total rate of LDL reduction through Atorvastatin was reported but comparison among different age groups was not done and individuals at risk were not recognized as belonging to different groups.
Conclusion
According to the results of the study Atorvastatin is a medicine in reducing LDL. It reduces the rate of LDL faster and to a larger extent. In addition, the amount of LDL reduction in the elderly and obese people takes place better and quicker that the young and thin individuals. The role of an inappropriate lifestyle such as eating fast food, immobility and lack of physical exercise must not be ignored.
